INTRODUCTION
Starvation is associated with depletion of hepatic glycogen and an inhibition of fatty acid and cholesterol synthesis. The direction of carbon flux is towards glucose synthesis and fat oxidation. On refeeding glucose to rats fed ad libitum, the present evidence suggests that a high proportion of the absorbed glucose enters the liver as a C3 unit and is converted into glycogen via the gluconeogenic pathway (Sugden et al., 1983; Newgard et al., 1983; Shulman et al., 1985) , although there are opposing data that the predominant pathway of glycogen synthesis is via direct uptake of circulating glucose (Scofield et al., 1985) . The rate of hepatic glycogen deposition on refeeding proceeds at a relatively rapid rate (approx. 0.8,tmol of glucose/min per g of liver), and fed values for hepatic glycogen are achieved 6-L7 h after the start of refeeding (Holness et al., 1988) . In contrast, the increase in hepatic lipogenesis on refeeding is comparatively slow both in vitro (Nishikori et al., 1973) and in vivo (Sugden et al., 1981; Newgard et al., 1984; Holness et al., 1988) . Clearly, it is a physiological advantage to give priority to glycogen repletion on refeeding after a period of starvation, although how this is achieved is still uncertain (see Holness et al., 1988) . Inhibition of glycose synthesis on refeeding with 3-mercaptopicolinate, an inhibitor of phosphoenolpyruvate carboxykinase (DiTullio et al., 1974) , results in decreased deposition of hepatic glycogen and a stimulation of lipoogenesis in vivo in both virgin (Sugden et al.,1983; Newgard et al., 1984) and lactating rats (Williamson et al., 1985) . These findings suggest that, despite the decrease in the hepatic concentration of key enzymes, e.g. acetyl-CoA carboxylase (Nishikori et al., 1973) , the liver still retains appreciable capacity for lipid synthesis in starvation. In a recent study on mealfed rats it was concluded that most of the dietary glucose entered the liver via the direct pathway on refeeding (Huang & Veech, 1988 (Tepperman & Tepperman, 1958; Hollifield & Parson, 1962) , particularly if the diets are high in glucose or fructose and low in fat (Harris, 1975 
Refeeding
Experiments were commenced at 09:00 h, and except where stated, all the rats were starved for the previous 21 h. The rats were given 5 g of the chow diet, and this was consumed within 30 min.
Measurement of lipogenesis
Lipogenesis was measured in vivo with 3H20 as previously described (Robinson et al., 1978) . Rats were injected with 2.5 mCi (0.25 ml) of 3H20 at either 30 min or 120 min after commencement of refeeding. For the fed rats of the 'ad libitum' group the 3H20 was administered at 09:00 h, and at 12:00 h for the meal-fed rats fed ad libitum for 3 h. All rats were anaesthetized 55 min after 3H20 administration with pentobarbital (60 mg/kg body wt.; 0.6% solution in water). At 60 min the liver was freeze-clamped (Wollenberger et al., 1960) and samples of tissues (liver, white and brown adipose) were removed. Heparinized blood was collected for measurement of the specific radioactivity of plasma water. The tissue samples were saponified (Stansbie et al., 1976) and the nonsaponified-lipid (mainly cholesterol) and saponified-lipid (fatty acids) fractions were extracted (Gibbons et al., 1983) . The cholesterol was isolated from the non-saponifiable-lipid residue by t.l.c. (Gibbons et al., 1983) .
Measurement of tissue metabolites
For measurements of metabolites, the whole gastrointestinal tract (including contents) was removed and homogenized in 150 ml of ice-cold 30 (w/v) HClO4 for 3-4 min in a Waring blender. A portion of the homogenate was centrifuged (3000 g-min), and the supernatant neutralized for determination of glucose and lactate. The frozen liver was powdered under liquid N2 and the neutralized tissue extract used for metabolite measurements (Robinson & Williamson, 1977) . Glucose (Slein, 1963) and L-lactate (Hohorst, 1963) were determined by standard enzymic methods. Liver glycogen was determined, without prior precipitation with ethanol, as glucose after hydrolysis with amyloglucosidase (Keppler & Decker, 1974) . RESULTS 
AND DISCUSSION Hepatic glycogen deposition
The hepatic glycogen content was low and similar in the starved rats of the 'ad libitum' group and the mealfed group (Table 1) . This contrasts with the finding of high concentrations of hepatic glycogen before refeeding of meal-fed rats (Hollifield & Parson, 1962) . Refeeding with the chow meal (5 g) resulted in a similar increase in the amount of liver glycogen deposited in both groups at 90 and 180 min after the start of feeding (Table 1) . Assuming a linear rate of glycogen accumulation over the 3 h refeeding period, the approximate rate of deposition was 30 #tmol of glycosyl units/h per g of liver for rats fed ad libitum and 29,mol of glycosyl units/h per g for meal-fed rats. The amount of food consumed (5 g) was similar to that eaten by rats starved for 48 h and refed ad libitum for 2 h (Holness et al., 1988 ).
Hepatic lipid synthesis
There was no significant change in the rate of cholesterol synthesis on refeeding of the 'ad libitum' rats, and the rate was lower (40 %) than in livers of fed rats (Table   1 ). In contrast, in the meal-fed rats, refeeding stimulated the rate of cholesterol synthesis by approx. 100 % ( Table   1 ). The rate of fatty acid synthesis in the livers of the 'ad libitum' group approximately doubled on refeeding (Table 1) , but this higher rate was only 30 % of that in livers of rats fed ad libitum, confirming the delay in the restoration of hepatic fatty acid synthesis observed both in vitro (Nishikori et al., 1973) and in vivo (Sugden et al., 1981; Holness et al., 1988) . The meal-fed rats had a 3-fold higher rate of hepatic fatty acid synthesis in the starved state compared with the 'ad libitum' group, and this was increased about 6-fold at 90 min after refeeding and 4-fold at 180 min; the latter value was similar to that (Lowenstein, 1971 (Parsons, 1979) , X X Q = * * * * and again there was no significant difference between the c . e o * * * * * * two groups of rats (Table 2 ). In contrast with the effects 0 8 of oral glucose administration to starved rats that had
been fed ad libitum (Niewoehner et al., 1984) , the hepatic 0D 'ad libitum' group increased on refeeding to a value similar to that of the meal-fed group ( the 'ad libitum' group, whereas the rate increased nearly 10-fold in the meal-fed group (Table 2) . In brown adipose tissue of rats fed ad libitum there was a 4-fold increase in the rate of fatty acid synthesis on refeeding (Table 2) ; a similar increase has been reported on refeeding with an intragastric load of glucose (Sugden et al., 1981) . The response in brown adipose tissue on refeeding the mealfed rats was similar to that of the 'ad libitum' group, but the rates were higher in the former group (Table 2) . A high rate of lipogenesis has been reported in interscapular brown adipose tissue of rats meal-fed with chow or a high-sucrose diet (Thompson & Grigor, 1987) .
Concluding remarks
The novel finding in this study is that rats meal-fed with a chow diet show a large increase in the rate of lipid synthesis (cholesterol and fatty acid synthesis) on refeeding with a meal of chow after a period of starvation. This increase in lipogenesis occurs without any diminution in the rate of glycogen deposition, and this indicates that carbon can be simultaneously directed at a high rate to the two processes in the meal-fed rat. These findings raise a number of questions, including the mechanisms leading to the increased lipogenic response in the mealfed rat. The daily food intake in the two groups of rats was similar, and therefore the adaptation to meal-feeding must be dependent on the altered pattern of dietary intake. A possible explanation for the present findings in the refed meal-fed rat is that the carbon for hepatic glycogen synthesis comes directly from glucose, whereas that for lipogenesis is from C3 precursors such as lactate. Partial support for this view comes from a study with meal-fed rats in which it was demonstrated that on refeeding chow the liver extracted glucose and that most of the glycogen deposited was formed directly from glucose (Huang & Veech, 1988) . The increased activities of key enzymes in the lipogenic pathway in meal-fed rats (see Leveille, 1972 ) may also play a role in the increased rate of fatty acid and cholesterol synthesis.
